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6WXG\ RI WKH 5HODWLRQVKLS EHWZHHQ 3LORW :KDOH *ORELFHSKDOD 0HODV
%HKDYLRXU DQG WKH $PELJXLW\ )XQFWLRQ RI ,WV 6RXQGV
-LDMLD -LDQJ ;LDQTXDQ :DQJ )DMLH 'XDQ :HL /LX /LQJUDQ %X )DQJ\L /L &KXQ\XH /L
=KRQJER 6XQ 6KL[LRQJ 0D DQG &KH 'HQJ
6WDWH .H\ /DE RI 3UHFLVLRQ 0HDVXULQJ 7HFKQRORJ\ DQG ,QVWUXPHQWV 7LDQMLQ 8QLYHUVLW\  :HLMLQ 5RDG 1DQNDL
'LVWULFW 7LDQMLQ &KLQD
.H\ /DERUDWRU\ RI 0LFUR 2SWRHOHFWUR 0HFKDQLFDO 6\VWHP 7HFKQRORJ\ 7LDQMLQ 8QLYHUVLW\  :HLMLQ 5RDG 1DQNDL
'LVWULFW 7LDQMLQ &KLQD
7KH 'HSDUWPHQW RI (OHFWURQLF DQG (OHFWULFDO (QJLQHHULQJ 8QLYHUVLW\ RI 6KHIILHOG 8QLWHG .LQJGRP
 FRUUHVSRQGLQJ :DQJ ;LDQTXDQ Z[T#WMXHGXFQ
 WKHVH DXWKRUV FRQWULEXWHG HTXDOO\ WR WKLV ZRUN
$%675$&7
3LORW ZKDOHV SURGXFH FOLFNV ZKLVWOHV DQG SXOVHG FDOOV ZKLFK IRUP D NH\ FRPSRQHQW RI WKHLU VRFLDO OLYHV 7KH WKUHH
W\SHV RI VRXQG GULYHQ E\ WKHLU EHKDYLRXUDO VWDWHV DUH QRW GLUHFWO\ REVHUYDEOH 7KH PDWKHPDWLFDO WRROV ZKLFK FRPSXWH
SURSHUWLHV RI VRXQG DUH QDWXUDO FDQGLGDWHV IRU DQDO\VLQJ WKH SRVVLEOH UHODWLRQVKLS EHWZHHQ SLORW ZKDOH VRXQG DQG
EHKDYLRXU ,Q WKLV SDSHU WKH ZLGHEDQG DPELJXLW\ IXQFWLRQ LV XVHG WR FRPSXWH WKH UDQJH UHVROXWLRQ VSHHG UHVROXWLRQ
'RSSOHU WROHUDQFH VLGHOREHWRPDLQOREH VXSSUHVVLRQ UDWLR RI WKH UDQJH DPELJXLW\ IXQFWLRQ DQG VLGHOREHWRPDLQOREH
VXSSUHVVLRQ UDWLR RI WKH VSHHG DPELJXLW\ IXQFWLRQ IRU SLORW ZKDOH VRXQG ZKLFK FDQ EH XVHG WR HYDOXDWH WKH DELOLWLHV RI
SLORW ZKDOH VRXQG LQ GHWHFWLQJ WDUJHWV DQG UHVLVWLQJ WKH LQIOXHQFH RI UHODWLYH VSHHG 6WDWLVWLFDO UHVXOWV VKRZ WKDW FOLFNV
KDYH WKH EHVW UDQJH UHVROXWLRQ DQG LWV UDQJH DPELJXLW\ IXQFWLRQV KDYH WKH ORZHVW VLGHOREHWRPDLQOREH VXSSUHVVLRQ UDWLR
3XOVHG FDOOV DQG SDUW RI WKH ZKLVWOHV KDYH WKH EHVW VSHHG UHVROXWLRQ DQG LWV VSHHG DPELJXLW\ IXQFWLRQV KDYH WKH ORZHVW
VLGHOREHWRPDLQOREH VXSSUHVVLRQ UDWLR 7KH RWKHU SDUW RI ZKLVWOHV KDV D ODUJH 'RSSOHU WROHUDQFH $QDO\]LQJ WKH ILYH
SDUDPHWHUV RI GLIIHUHQW W\SHV RIVRXQG DQG WKH FRUUHVSRQGLQJ EHKDYLRXU ZH WKHQ UHDFK D EHWWHU XQGHUVWDQGLQJ RI WKH
UHODWLRQVKLS EHWZHHQ SLORW ZKDOH VRXQG DQG SLORW ZKDOH EHKDYLRXU
.H\ZRUGV:LGHEDQG DPELJXLW\ IXQFWLRQ 3LORW ZKDOH 6RXQG
,QWURGXFWLRQ
6RXQG SOD\V D YLWDO UROH LQ RGRQWRFHWHV¶ GDLO\ OLYHV DV LQGLFDWHG E\ .HOORJJ HW DO LQ  7RGD\ PRUH WKDQ 
\HDUV ODWHU WKH RGRQWRFHWHV VRXQG VWLOO DWWUDFWV PDQ\ UHVHDUFKHUV¶ DWWHQWLRQ 7KH ORQJILQQHG SLORW ZKDOH *ORELFHSKDOD
PHODV RU *ORELFHSKDOD PHODHQD ZKLFK LV ZLGHVSUHDG IURP WHPSHUDWH WR VXESRODU PDULQH ZDWHUV LV D PHGLXPVL]HG
WRRWKHG ZKDOH DQG D PHPEHU RI WKH GROSKLQ IDPLO\ ,W VKDUHV WKH *ORELFHSKDOD JHQXV ZLWK WKH VKRUWILQQHG SLORW ZKDOH
*ORELFHSKDOD PDFURUK\QFKXV 7KH WZR FDQ EH GLVWLQJXLVKHG E\ GLIIHUHQFHV LQ IOLSSHU OHQJWK DQG FUDQLDO
FKDUDFWHULVWLFV  ,Q WKLV SDSHU ³SLORW ZKDOH´ LV RQO\ UHIHUUHG WR DV *ORELFHSKDOD PHODV
3LORW ZKDOHV OLNH RWKHU RGRQWRFHWHV SURGXFH VRXQG E\ SDVVLQJ FRPSUHVVHG DLU WKURXJK PHPEUDQHV ,Q DQ
XQGHUZDWHU HQYLURQPHQW WKH VRXQG YLEUDWLRQV LQ WKHLU WLVVXHV WUDQVIHU GLUHFWO\ LQWR WKH VXUURXQGLQJ ZDWHU DQG WKH\ GR
QRW QHHG WR RSHQ WKHLU PRXWKV RU EORZKROHV  3LORW ZKDOHV XVH VRXQG IRU FRPPXQLFDWLRQ WUDYHOOLQJ DQG GHWHFWLRQ RI
SUHGDWRUV DQG SUH\  7KH VRXQG XVHG E\ SLORW ZKDOHV FDQ EH GLYLGHG LQWR WKUHH W\SHV )LJ  FOLFNV ZKLVWOHV DQG
SXOVHG FDOOV  &OLFNV DUH UDSLG DQG XVXDOO\ UHSHWLWLYH EXUVWV RI VKRUW EURDGEDQG VRXQGV SULPDULO\ XVHG IRU
HFKRORFDWLRQ  ZKLVWOHV DUH FRQWLQXRXV WRQDO VRXQGV ZLWK IHZ RU QR KDUPRQLFV SRVVLEO\ XVHG IRU PDLQWDLQLQJ WKH
FRKHVLRQ RI WKH JURXS GXULQJ IRUDJLQJ RU WUDYHO SXOVHG FDOOV DUH UDSLGO\ EURDGEDQG VRXQG SXOVHV ZLWK GLVWLQFW
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WRQDO SURSHUWLHV FDXVHG E\ KLJK SXOVHUHSHWLWLRQ UDWHV SRVVLEO\ XVHG IRU FRPPXQLFDWLRQ  7R REWDLQ WKHVH FRQFOXVLRQV
PXFK VLJQLILFDQW ZRUN KDV EHHQ GRQH .HOORJJ HW DO SURYHG WKDW FOLFNV DUH XVHG IRU HFKRORFDWLRQ E\ DQDO\VLQJ WKH
WLPHGRPDLQ ZDYHIRUP RI RGRQWRFHWHV¶ VRXQG $X HW DO DQDO\VHG WKH IUHTXHQF\ VSHFWUD DQG VRXUFH OHYHOV RI FOLFNV WR
SURYH WKDW FOLFNV FDQ EH XVHG IRU HFKRORFDWLRQ )DLV HW DO IRXQG WKDW VSHUP ZKDOHV XVH KLJKIUHTXHQF\ ORZ DPSOLWXGH
FOLFNV WR SURYLGH KLJKUHVROXWLRQ ELRVRQDU XSGDWHV GXULQJ WKH ODVW VWDJHV RI FDSWXUH 1HPLURII )RUG DQG :HLOJDUW DQG
:KLWHKHDG REWDLQHG WKH FRQFOXVLRQ WKDW ZKLVWOHV DQG SXOVHG FDOOV FDQ EH XVHG IRU FRPPXQLFDWLRQ E\ DQDO\VLQJ WKH
WLPHIUHTXHQF\ VSHFWUD RI RGRQWRFHWHV VRXQG 3RSRY HW DO XVHG KLGGHQ 0DUNRY PRGHOV WR SURYH WKDW WKH ORQJILQQHG
SLORW ZKDOH VRXQG DQG VKRUWILQQHG SLORW ZKDOH VRXQG KDYH FRPPXQLFDWLRQ DELOLW\ UHVSHFWLYHO\
)LJXUH  6SHFWURJUDPV IUHTXHQF\WLPH GLDJUDPV VKRZLQJ H[DPSOHV RI WKH WKUHH W\SHV RI SLORW ZKDOH VRXQG D
&OLFNV E F DQG G :KLVWOHV H I DQG J 3XOVHG FDOOV
:KLOH WKH SLORW ZKDOH VRXQG ZDV EHLQJ UHFRUGHG WKH SLORW ZKDOH NHSW VZLPPLQJ QHDU WKH VKLS 7KH SLORW ZKDOH
PD\ XVH VRXQG IRU D YDULHW\ RI SXUSRVHV VXFK DV GHWHFWLQJ SDUWQHUV RU SUH\ FRPPXQLFDWLQJ ZLWK HDFK RWKHU HWF
+RZHYHU LW LV YHU\ GLIILFXOW WR LGHQWLI\ WKH VSHFLILF SXUSRVH RI D FHUWDLQ W\SH RI VRXQG RQO\ E\ UHFRUGLQJ WKH VRXQG DQG
REVHUYLQJ WKH VZLPPLQJ RI WKH SLORW ZKDOH 
7R UHODWH WKH XVHG VRXQG WR GLIIHUHQW SXUSRVHV RI WKH SLORW ZKDOH VR WKDW ZH KDYH D EHWWHU XQGHUVWDQGLQJ RI LWV
EHKDYLRXU DQ DSSURSULDWH PDWKHPDWLFDO WRRO LV QHFHVVDU\ ,W KDV EHHQ IRXQG WKDW ZKHQ GHWHFWLQJ WDUJHWV DQG
FRPPXQLFDWLQJ ZLWK RWKHUV SLORW ZKDOHV XVH VRXQG LQ D PDQQHU WKDW VHHPV YHU\ VLPLODU WR PDQPDGH VRQDU DQG
FRPPXQLFDWLRQ V\VWHPV 7KHUH DUH ILYH LPSRUWDQW SDUDPHWHUV UDQJH UHVROXWLRQ VSHHG UHVROXWLRQ VLGHOREHWRPDLQOREH
VXSSUHVVLRQ UDWLR RI UDQJH DPELJXLW\ IXQFWLRQ VLGHOREHWRPDLQOREH VXSSUHVVLRQ UDWLR RI VSHHG DPELJXLW\ IXQFWLRQ DQG
'RSSOHU WROHUDQFH IRU WKH VLJQDO ZDYHIRUP RI WKH PDQPDGH VRQDU DQG FRPPXQLFDWLRQ V\VWHPV $V GHPRQVWUDWHG
DOUHDG\ LQ OLWHUDWXUH WKH ZLGHEDQG DPELJXLW\ IXQFWLRQ LV DQ HIIHFWLYH WRRO WR HYDOXDWH WKH ILYH SDUDPHWHUV RI VRXQG
ϯ ͬ ϭϬ
ZDYHIRUP 7KHUHIRUH GLIIHUHQW IURP VRPH WUDGLWLRQDO DQDO\VLV PHWKRGV  LQ WKLV SDSHU ZH XVH WKH ZLGHEDQG
DPELJXLW\ IXQFWLRQ  WR DQDO\VH GLIIHUHQW W\SHV RI VRXQG SURGXFHG E\ WKH SLORW ZKDOH 7KURXJK VWDWLVWLFDO DQDO\VLV RI
WKH ZLGHEDQG DPELJXLW\ IXQFWLRQV IRU D ODUJH FROOHFWLRQ RI GLIIHUHQW VRXQGV FOLFNV ZKLVWOHV DQG SXOVHG FDOOV ZH ILQG
WKDW WKH FOLFNV KDYH WKH EHVW UDQJH UHVROXWLRQ DQG WKHLU UDQJH DPELJXLW\ IXQFWLRQV KDYH WKH ORZHVW VLGHOREHWRPDLQOREH
VXSSUHVVLRQ UDWLR SXOVHG FDOOV DQG RQH SDUW RI ZKLVWOHV KDYH H[FHOOHQW VSHHG UHVROXWLRQ DQG VPDOO 'RSSOHU WROHUDQFH DQG
WKHLU VSHHG DPELJXLW\ IXQFWLRQV KDYH WKH ORZHVW VLGHOREHWRPDLQOREH VXSSUHVVLRQ UDWLR WKH RWKHU SDUW RI ZKLVWOHV KDV
ODUJH 'RSSOHU WROHUDQFH %DVHG RQ WKH UHVXOWV PHQWLRQHG DERYH ZH FDQ GUDZ VRPH SRVVLEOH FRQFOXVLRQV DERXW WKH
UHODWLRQVKLS EHWZHHQ WKH SLORW ZKDOH VRXQG DQG LWV EHKDYLRXU )LUVWO\ WR ORFDWH WKH SUH\ DFFXUDWHO\ FOLFNV ZLWK WKH EHVW
UDQJH UHVROXWLRQ DUH PRVW OLNHO\ WR EH XVHG E\ SLORW ZKDOHV ZKLFK LV FRQVLVWHQW ZLWK WKH UHVXOWV LQ  6HFRQGO\ IRU
GHWHFWLQJ WKH VSHHG RI RWKHU ZKDOHV RU SUH\ SXOVHG FDOOV DQG RQH SDUW RI ZKLVWOHV ZKLFK KDYH H[FHOOHQW VSHHG UHVROXWLRQ
DUH PRVW OLNHO\ WR EH XWLOL]HG E\ SLORW ZKDOHV $W WKH VDPH WLPH LQ RUGHU WR FRPPXQLFDWH LWV VSHHG WR WKH RWKHUV SLORW
ZKDOHV DUH PRVW OLNHO\ WR XVH WKH SXOVHG FDOOV DQG SDUW RI ZKLVWOHV ZKLFK KDYH D VPDOO 'RSSOHU WROHUDQFH DQ H[FHOOHQW
VSHHG UHVROXWLRQ DQG WKLV LV FRPSDWLEOH ZLWK WKH UHVXOWV LQ WKH SDSHUV 7KLUGO\ IRU FRPPXQLFDWLQJ WKH KHUG
PRYHPHQW LQVWUXFWLRQV ZKLFK VKRXOG KDUGO\ EH DIIHFWHG E\ WKH UHODWLYH VSHHG DQRWKHU SDUW RI ZKLVWOHV ZKLFK KDV D
ODUJH 'RSSOHU WROHUDQFH LV PRVW OLNHO\ WR EH XWLOL]HG E\ SLORW ZKDOHV ZKLFK LV VLPLODU WR WKH UHVXOWV LQ WKH
SDSHUV
:LGHEDQG DPELJXLW\ IXQFWLRQ
$PELJXLW\ IXQFWLRQ $) LV DQ LPSRUWDQW PDWKHPDWLFDO WRRO IRU HYDOXDWLQJ WKH SHUIRUPDQFH RI UDGDU DQG VRQDU
ZDYHIRUP GHVLJQ DQG LW FDQ SURYLGH VRPH LPSRUWDQW FKDUDFWHULVWLFV DERXW WKH GHVLJQHG ZDYHIRUPV VXFK DV UDQJH
UHVROXWLRQ VSHHG UHVROXWLRQ 'RSSOHU WROHUDQFH VLGHOREHWRPDLQOREH VXSSUHVVLRQ UDWLR $FFRUGLQJ WR WKH EDQGZLGWK
RI VLJQDOV WKH $) LV GLYLGHG LQWR WZR W\SHV QDUURZEDQG DPELJXLW\ IXQFWLRQ 1$) DQG ZLGHEDQG DPELJXLW\ IXQFWLRQ
:$) 6LQFH WKH 1$) LV D VSHFLDO FDVH RI :$)  ZH XVH WKH JHQHUDO :$) WR DQDO\VH WKH SLORW ZKDOH VRXQG LQ WKLV
SDSHU
:KHQ GHWHFWLQJ LWV SDUWQHUV RU SUH\ WKH SLORW ZKDOH WUDQVPLWV D VRXQG DQG WKHQ UHFHLYHV LWV HFKR 'XH WR WKH
GLVWDQFH DQG UHODWLYH VSHHG EHWZHHQ WKH SLORW ZKDOH DQG LWV SDUWQHUV RU SUH\ WKHUH DUH WLPH GHOD\ 7' DQG 'RSSOHU
VKLIWV '6 EHWZHHQ WKH WUDQVPLWWHG DQG WKH UHFHLYHG VRXQGV :KHQ WKH SLORW ZKDOHV FRPPXQLFDWH ZLWK HDFK RWKHU WKH
VRXQG ZLOO DOVR SURGXFH '6 GXH WR H[LVWHQFH RI UHODWLYH VSHHG EHWZHHQ WKH SLORW ZKDOHV WUDQVPLWWLQJ DQG UHFHLYLQJ WKH
VRXQG 6LQFH :$) FDQ EH XVHG WR HYDOXDWH WKH UDQJH UHVROXWLRQ DQG VSHHG UHVROXWLRQ RI WKH VRQDU VLJQDO DQG WKH
LQIOXHQFH RI '6 RQ VLJQDO GLVWRUWLRQ ZH FDQ XVH :$) WR HYDOXDWH WKH SLORW ZKDOH VRXQG¶V SHUIRUPDQFH IRU GLVWDQFH DQG
VSHHG HVWLPDWLRQ DQG LWV DELOLW\ WR UHVLVW WKH LQIOXHQFH RI UHODWLYH VSHHG 7KH :$) FDQ EH ZULWWHQ DV
      GV W V W WF W K K K Wff ³ 
ZKHUH VW LV WKH VRXQG WUDQVPLWWHG E\ WKH SLORW ZKDOH VKWW  LV WKH HFKR UHIOHFWHG E\ WDUJHWV W LV WKH WLPH GHOD\ DQG K
LV WKH 'RSSOHU VKLIW :KHQ WKH SLORW ZKDOH GHWHFWV LWV WDUJHWV WKH DFRXVWLF ZDYH ILUVW UHDFKHV WKH WDUJHWV DQG WKHQ LV
UHIOHFWHG EDFN WR WKH WUDQVFHLYHU LQ WKLV FDVH W DQG K VDWLVI\ WKH IROORZLQJ UHODWLRQVKLS
 G F YF F YW K
   
+RZHYHU ZKHQ SLORW ZKDOHV FRPPXQLFDWH ZLWK HDFK RWKHU WKH DFRXVWLF ZDYH RQO\ QHHGV WR UHDFK RWKHU SDUWQHUV WKHQ W
DQG K VDWLVI\ WKH IROORZLQJ UHODWLRQVKLS
 
G F Y
F F YW K
   
ZKHUH G LV WKH GLVWDQFH EHWZHHQ WKH SLORW ZKDOH DQG LWV SDUWQHUV RU SUH\ Y LV WKH UHODWLYH VSHHG EHWZHHQ WKH SLORW ZKDOH
DQG LWV SDUWQHUV RU SUH\ F LV WKH SURSDJDWLRQ VSHHG RI VRXQG LQ VHDZDWHU ZKLFK LV DVVXPHG WR EH PV KHUH
6XEVWLWXWLQJ  RU  LQWR  DQG VHWWLQJ Y WR  ZH REWDLQ WKH UDQJH DPELJXLW\ IXQFWLRQ 5$) FG ,I ZH VHW G WR
ϰ ͬ ϭϬ
 ZH WKHQ REWDLQ WKH VSHHG DPELJXLW\ IXQFWLRQ 6$) FY
7KH KDOISRZHU EHDP ZLGWK +3%: RI 5$) LV FDOOHG UDQJH UHVROXWLRQ 55 55 FDQ EH XVHG WR HYDOXDWH WKH
SLORW ZKDOH VRXQG¶V SHUIRUPDQFH IRU GLVWDQFH HVWLPDWLRQ EHWZHHQ WKH SLORW ZKDOH DQG LWV WDUJHWV :LWK +3%: RI 5$)
UHGXFLQJ WKH 55 EHFRPHV EHWWHU
7KH +3%: RI 6$) LV FDOOHG VSHHG UHVROXWLRQ 65 65 FDQ EH XVHG WR HYDOXDWH WKH SHUIRUPDQFH RI WKH UHODWLYH
VSHHG EHWZHHQ WKH SLORW ZKDOH DQG LWV WDUJHWV :LWK +3%: RI 6$) UHGXFLQJ WKH 65 EHFRPHV EHWWHU
'RSSOHU WROHUDQFH '7 LV DQ LPSRUWDQW PHDVXUHPHQW RI D V\VWHP¶V DELOLW\ WR WROHUDWH YHORFLW\LQGXFHG PLVPDWFKHV
EHWZHHQ WKH WUDQVPLWWHG VRXQG DQG WKH UHFHLYHG HFKR ,Q QXPHULFDO FRPSXWDWLRQ DVSHFW '7 LV UHODWHG WR 65 IXUWKHU
IRU GHWHFWLRQ RI WDUJHWV '7 DQG 65 VDWLVI\ WKH UHODWLRQVKLS '7  65F DQG IRU FRPPXQLFDWLRQ WKH\ VDWLVI\ '7  
65F '7 FDQ HYDOXDWH WKH UREXVWQHVV RI SLORW ZKDOH VRXQG DJDLQVW WKH LQIOXHQFH RI UHODWLYH VSHHG EHWZHHQ WKH SLORW
ZKDOH DQG LWV SDUWQHUV 7KH VLJQDO ZLWK D ODUJHU '7 ZLOO EH PRUH UREXVW
7KH UDWLR RI VLGH OREH PD[LPXP YDOXH WR PDLQ OREH PD[LPXP YDOXH LV FDOOHG VLGHOREHWRPDLQOREH VXSSUHVVLRQ
UDWLR 6065 $ KLJK VLGH OREH RI $) ZLOO OHDG WR IDOVH GHWHFWLRQ DQG WKH PLVVLQJ RI ZHDN WDUJHWV %\ FRPSXWLQJ WKH
55 65 '7 DQG 6065 FRUUHVSRQGLQJ WR WKH SLORW ZKDOH VRXQG ZH FDQ REWDLQ WKH SLORW ZKDOH VRXQG¶V SHUIRUPDQFH LQ
GLVWDQFH DQG UHODWLYH VSHHG HVWLPDWLRQ DQG LWV UREXVWQHVV DJDLQVW WKH LQIOXHQFH RI UHODWLYH VSHHG VR WKDW ZH FDQ KDYH D
JRRG XQGHUVWDQGLQJ RI WKH SRVVLEOH UHODWLRQVKLS EHWZHHQ WKH SLORW ZKDOH VRXQG DQG LWV EHKDYLRXU
5HVXOW
:H H[WUDFW  FOLFNV IURP VRXQG ILOH (  ZKLVWOHV DQG  SXOVHG FDOOV IURP VRXQG ILOHV $ % & DQG '
([DPSOHV DUH SURYLGHG LQ WKH IROORZLQJ 0DWHULDOV DQG 0HWKRGV 6HFWLRQ :H ILUVW FRPSXWH :$)V RI WKH WKUHH W\SHV
RI VRXQG DQG WKHQ DQDO\VH WKH ILYH SDUDPHWHUV RI WKH :$)V  55  6065 RI 5$)  65  6065 RI 6$)
DQG  '7 2QH QRWH LV WKDW 55 DQG 65 DUH FRPSXWHG DFFRUGLQJ WR  UDWKHU WKDQ 
55P 6065 RI 5$) 65PV 6065 RI 6$) '7
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GHYLDWLRQ
&OLFNV     
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3XOVHG FDOOV     
7DEOH  6WDWLVWLFDO UHVXOWV RI 55 6065 RI 5$) 65 6065 RI 6$) DQG '7 IRU FOLFNV ZKLVWOHV DQG SXOVHG FDOOV
7DE  VKRZV WKH UHVXOWV RI 55 6065 RI 5$) 65 6065 RI 6$) DQG '7 IRU FOLFNV ZKLVWOHV DQG SXOVHG FDOOV ,W
FDQ EH VHHQ IURP 7DE  WKDW WKH PD[LPXP PLQLPXP DQG DYHUDJH 55V RI FOLFNV DUH VPDOOHU WKDQ WKRVH RI WKH RWKHU WZR
W\SHV RI VRXQG 7KH PD[LPXP 55 RI FOLFNV LV VPDOOHU WKDQ WKH PLQLPXP 55 RI SXOVHG FDOOV ,Q JHQHUDO WKH 65 DQG '7
YDOXHV RI FOLFNV DUH PXFK ODUJHU WKDQ WKH RWKHU WZR W\SHV RI VRXQG 7KH 65 DQG '7 YDOXHV RI ERWK ZKLVWOHV DQG SXOVHG
FDOOV DUH VPDOO EXW WKRVH RI SXOVHG FDOOV DUH VPDOOHU WKDQ ZKLVWOHV +RZHYHU WKH GLIIHUHQFH EHWZHHQ WKH PD[LPXP DQG
WKH PLQLPXP YDOXHV RI 65 DQG '7 IRU ZKLVWOHV LV  DQG  UHVSHFWLYHO\ DQG WKDW IRU SXOVHG FDOOV LV 
DQG  UHVSHFWLYHO\ %\ FRQWUDVW WKH VSDQV RI 65 DQG '7 IRU ZKLVWOHV DUH ODUJHU ,Q DGGLWLRQ WKH FOLFNV¶ 5$)V
ϱ ͬ ϭϬ
KDYH WKH ORZHVW 6065 DQG WKHLU 6$)V KDYH WKH ODUJHVW 6065 DV D ZKROH :KLVWOHV DQG SXOVHG FDOOV¶ 5$)V DQG 6$)V
KDYH D VLPLODU 6065 +RZHYHU WKHUH LV QR ELJ GLIIHUHQFH DPRQJ WKH WKUHH W\SHV RI VRXQG LQ WHUPV RI 6065 RI 6$)
DQG 5$)
)LJXUH :$) H[DPSOHV RI WKH WKUHH W\SHV RI SLORW ZKDOH VRXQG D :$) RI D FOLFN E F :$) RI ZKLVWOHV G :$)
RI D SXOVHG FDOO
([DPSOHV RI WKH :$)V RI FOLFNV ZKLVWOHV DQG SXOVHG FDOOV DUH VKRZQ LQ )LJ  )RU WKH :$) RI D FOLFN VKRZQ LQ
)LJ D WKH PDLQ SHDN LV DOPRVW D VWUDLJKW OLQH SDUDOOHO WR WKH VSHHG D[LV 7KLV LQGLFDWHV WKDW WKH FOLFN KDV DQ H[FHOOHQW
55 D SRRU 65 DQG D ODUJH '7 2Q WKH RWKHU KDQG IRU WKH :$)V RI WZR ZKLVWOHV ƐŚŽǁŶ ŝŶ )LJ E DQG )LJ F WKH PDLQ
SHDNLQ )LJE LV DOPRVW OLNH D GRWWHG OLQH SDUDOOHO WR WKH UDQJH D[LV KRZHYHU LQ )LJ F WKH PDLQ SHDN RI WKH :$) LV
VODQW &OHDUO\ WKH ZKLVWOH LQ )LJ E KDV D EHWWHU 65 WKDQ WKH ZKLVWOH LQ )LJ F )LQDOO\ WKH :$) RI D SXOVHG FDOO LV JLYHQ
LQ )LJ G ZKHUH WKH PDLQ SHDN LV DOPRVW D GRWWHG OLQH SDUDOOHO WR WKH UDQJH D[LV ZKLFK LQGLFDWHV WKDW WKH FOLFN KDV D
SRRU 55 DQ H[FHOOHQW 65 DQG D VPDOO '7 ,W VKRXOG EH QRWHG WKDW WKH :$)V LQ )LJ  DUH RQO\ UHSUHVHQWDWLYH H[DPSOHV
DQG WKHUH DUH PDQ\ YDULDWLRQV DPRQJ WKHP
)LJXUH  D 'LVWULEXWLRQ RI 55 IRU FOLFNV E 'LVWULEXWLRQ RI 55 IRU ZKLVWOHV F 'LVWULEXWLRQ RI 55 IRU SXOVHG FDOOV
G 'LVWULEXWLRQ RI 6065 RI 5$) IRU FOLFNV H 'LVWULEXWLRQ RI 6065 RI 5$) IRU ZKLVWOHV I 'LVWULEXWLRQ RI 6065 RI
5$) IRU SXOVHG FDOOV
55 )LJ DF VKRZV WKH GLVWULEXWLRQ RI 55 IRU FOLFNV ZKLVWOHV DQG SXOVHG FDOOV UHVSHFWLYHO\ %\ FRPSDULQJ )LJ DF
ZH FDQ ILQG WKDW 55 RI  FOLFNV LV VPDOOHU WKDQ P DQG RQO\ RQH ZKLVWOH KDV DQ 55 VPDOOHU WKDQ P DQG
QR SXOVHG FDOOV KDYH DQ 55 VPDOOHU WKDQ P 0RUHRYHU PRVW  RI WKH FOLFNV KDYH DQ 55 EHWZHHQ P
ϲ ͬ ϭϬ
DQG P ZKLOH  RI WKH ZKLVWOHV DQG  RI WKH SXOVHG FDOOV KDYH WKH 55 EHWZHHQ P DQG P
7KHUHIRUH WKH 55 RI FOLFNV LV PXFK VPDOOHU WKDQ WKDW RI WKH RWKHU WZR W\SHV RI VRXQG
6065 RI 5$) 7KH GLVWULEXWLRQ RI 6065 RI 5$)V IRU FOLFNV ZKLVWOHV DQG SXOVHG FDOOV LV SUHVHQWHG LQ )LJ GI
UHVSHFWLYHO\ 0RVW  RI WKH FOLFNV¶ 5$)V KDYH DQ6065 EHWZHHQ  DQG  ZLWK WKH SHDN DW  7KHUH LV D
SHDN LQ WKH GLVWULEXWLRQ RI 6065 RI ZKLVWOHV¶ 5$)V DW  ZLWK  RI ZKLVWOHV¶ 6$)V KDYLQJ DQ 6065 EHWZHHQ
 DQG   RI SXOVHG FDOOV¶ 5$)V KDYH WKHLU 6065 EHWZHHQ  DQG  ZLWKRXW D FOHDU SHDN 7KHUHIRUH WKH
FOLFNV¶ 5$)V KDYH D VPDOOHU 6065 WKDQ WKDW RI ZKLVWOHV DQG SXOVHG FDOOV
65 $FFRUGLQJ WR )LJ DF ZH FDQ VHH WKH 65 GLVWULEXWLRQ IRU FOLFNV ZKLVWOHV DQG SXOVHG FDOOV UHVSHFWLYHO\ ,Q )LJ
D WKHUH LV QR GLVWLQFW SHDN SRVLWLRQ ZLWK  RI WKH FOLFNV KDYLQJ 65 EHWZHHQ PV DQG PV DQG WKH 65 RI DOO
FOLFNV LV ODUJHU WKDQ PV $V VKRZQ LQ )LJ E WKH QXPEHU RI ZKLVWOHV GURSV ZLWK WKH 65 LQFUHDVLQJ ZLWK  RI
ZKLVWOHV KDYLQJ 65 VPDOOHU WKDQ PV )LJ F VKRZV WKDW 65 RI  SXOVHG FDOOV LV VPDOOHU WKDQ PV %\
FRPSDULQJ )LJ DF ZH NQRZ WKDW FOLFNV KDYH WKH ODUJHVW 65 ZKLOH SXOVHG FDOOV KDYH WKH VPDOOHVW 65 ,Q DGGLWLRQ RQH
SDUW RI ZKLVWOHV KDV D VPDOO 65 ZKLOH WKH RWKHU SDUW KDV D ODUJH 65
6065 RI 6$) )LJ DF VKRZ WKH 6065 GLVWULEXWLRQ RI 6$)V IRU FOLFNV ZKLVWOHV DQG SXOVHG FDOOV UHVSHFWLYHO\ 7KH
6065 RI  FOLFNV LV EHWZHHQ  DQG   RI ZKLVWOHV¶ 6$)V DQG  RI SXOVHG FDOOV¶ 6$) KDYH DQ 6065
EHWZHHQ  DQG  6R ZH FDQ ILQG WKDW ZKLVWOHV¶ 6$)V DQG SXOVHG FDOOV¶ 6$)V KDYH VLPLODU 6065V ZKLOH FOLFNV¶
6$)V KDYH WKH ODUJHVW 6065 DPRQJ 6$)V RI WKH WKUHH W\SHV RI VRXQG
)LJXUH  D 'LVWULEXWLRQ RI 65 IRU FOLFNV E 'LVWULEXWLRQ RI 65 IRU ZKLVWOHV F 'LVWULEXWLRQ RI 65 IRU SXOVHG FDOOV G
'LVWULEXWLRQ RI 6065 RI 6$) IRU FOLFNV H 'LVWULEXWLRQ RI 6065 RI 6$) IRU ZKLVWOHV I 'LVWULEXWLRQ RI 6065 RI
6$) IRU SXOVHG FDOOV
'7 &RPELQHG ZLWK )LJ  DQG WKH UHODWLRQVKLS EHWZHHQ 65 DQG '7 ZH FDQ VHH WKDW WKH '7 RI FOLFNV LV WKH ODUJHVW
DPRQJ WKH WKUHH W\SHV RI VRXQG DQG SXOVHG FDOOV KDYH WKH VPDOOHVW '7 6RPH SDUW RI WKH ZKLVWOHV KDV D VPDOO '7 ZKLOH
WKH RWKHU SDUW KDV D ODUJH '7
'LVFXVVLRQ
:KLOH WKH VRXQG LV EHLQJ UHFRUGHG WKH SLORW ZKDOHV VRPHWLPHV VZDP DURXQG WKH VKLS VRPHWLPHV DZD\ IURP WKH VKLS
DQG VRPHWLPHV WRZDUGV WKH VKLS 7KHUH PD\ EH YDULRXV SXUSRVHV FRUUHVSRQGLQJ WR GLIIHUHQW W\SHV RI VRXQG 'XULQJ WKHLU
VZLPPLQJ WKH\ PD\ XVH VRXQG WR IRUDJH WR GHWHFW WKH UHODWLYH VSHHG EHWZHHQ HDFK RWKHU WR FRPPXQLFDWH ZLWK HDFK
RWKHU RU WR GR VRPHWKLQJ HOVH %XW RQO\ E\ REVHUYLQJ SLORW ZKDOHV VZLPPLQJ DQG UHFRUGLQJ WKHLU VRXQG LW LV GLIILFXOW WR
GHWHUPLQH WKH VSHFLILF SXUSRVH RI D FHUWDLQ W\SH RI VRXQG 7KHUHIRUH :$) KDV EHHQ XVHG IRU VWXG\LQJ WKH SRVVLEOH
UHODWLRQVKLS EHWZHHQ SLORW ZKDOH VRXQG DQG LWV EHKDYLRXU :H KDYH PDLQO\ GLVFXVVHG WKUHH TXHVWLRQV
ϳ ͬ ϭϬ
y )LUVWO\ ZKLFK W\SHV RI VRXQG GR SLORW ZKDOHV XVH WR GHWHFW WKH GLVWDQFH RI WDUJHWV"
y 6HFRQGO\ ZKLFK W\SHV RI VRXQG GR SLORW ZKDOHV XVH WR GHWHFW WKH VSHHG RI WDUJHWV"
y 7KLUGO\ ZKLFK W\SHV RI VRXQG GR SLORW ZKDOHV XVH WR FRPPXQLFDWH ZLWK HDFK RWKHU"
)LUVWO\ ZH WKLQN WKDW SLORW ZKDOHV PD\ XVH FOLFNV WR GHWHFW WKH GLVWDQFH RI WDUJHWV 0DQ\ SDSHUV  SRLQWHG RXW
WKDW RGRQWRFHWHV XVH VRXQG IRU HFKRORFDWLRQ $X DQG 0DUWLQ VWDWHG WKDW GROSKLQV FDQ XVH VRXQG WR GLVWLQJXLVK FRPSOH[
WDUJHWV DQG $X HW DO DOVR PHQWLRQHG WKDW NLOOHU ZKDOHV FDQ LGHQWLI\ WKH SUH\ W\SHV E\ WKHLU FOLFNV 2Q WKH RQH KDQG IRU
DFTXLULQJ WKH GLVWDQFH DQG SURILOH RI WDUJHWV WKH VRXQG XVHG IRU HFKRORFDWLRQ VKRXOG KDYH DQ H[FHOOHQW SHUIRUPDQFH LQ
GLVWDQFH HVWLPDWLRQ IURP D VRQDU SHUVSHFWLYH 7KLV PHDQV WKDW WKH VRXQG XVHG IRU HFKRORFDWLRQ VKRXOG KDYH D JRRG 55
DQG LWV 5$) VKRXOG KDYH D ORZ 6065 2Q WKH RWKHU KDQG VLQFH WKH HFKR ZLOO EH GLVWRUWHG EHFDXVH RI WKH UHODWLYH VSHHG
EHWZHHQ SLORW ZKDOH DQG LWV WDUJHWV WR HQVXUH WKH VSHHG GLVWRUWHG HFKR FDQ VWLOO EH UHFRJQL]HG E\ WKH SLORW ZKDOH WKH
VRXQG XVHG IRU HFKRORFDWLRQ VKRXOG EH DEOH WR UHVLVW WKH LQIOXHQFH RI UHODWLYH VSHHG ZHOO 7KLV VKRZV WKDW WKH
HFKRORFDWLRQW\SH VRXQG VKRXOG KDYH D ODUJH '7 $FFRUGLQJ WR WKH UHVXOWV LQ 7DE )LJ  DQG )LJ  LW FDQ EH VHHQ WKDW
WKH 6065 RI FOLFNV¶ 5$)V LV WKH VPDOOHVW WKH 55 RI FOLFNV LV PXFK EHWWHU WKDQ WKDW RI ZKLVWOHV DQG SXOVHG FDOOV DQG WKH
'7 RI FOLFNV LV PXFK ODUJHU WKDQ WKDW RI WKH RWKHU WZR W\SHV RI VRXQG $V D UHVXOW ZH FDQ VXUPLVH WKDW WKH FOLFNV PRVW
SUREDEO\ DUH XVHG IRU HFKRORFDWLRQ 7KH VDPH FRQFOXVLRQV ZHUH UHDFKHG E\ .HOORJJ HW DO $X HW DO $X DQG 0DUWLQ 
)LJXUH $ VLWXDWLRQ IRU WKH SLORW ZKDOH IRUDJLQJ
6HFRQGO\ ZH VSHFXODWH WKDW SLORW ZKDOHV PD\ XVH SXOVHG FDOOV DQG VRPH SDUW RI ZKLVWOHV WR GHWHFW WKH GLVWDQFH RI
WDUJHWV 7KHUH DUH HYLGHQFHV LQGLFDWH WKDW RGRQWRFHWHV VRXQG KDV GLUHFWLYLW\ $X DQG 0DUWLQ  SRLQWHG RXW WKDW
GROSKLQV SURMHFW WKHLU ELRVRQDU VLJQDO LQ D EHDP DQG UHFHLYH HFKRHV YLD D EURDGHU EHDP $X HW DO GLG VRPH
PHDVXUHPHQW IRU NLOOHU ZKDOHV ZKLFK KDYH PDQ\ VLPLODU VRFLDO VWUXFWXUHV DQG VRXQG SURILOHV ZLWK SLORW ZKDOHV DQG
IRXQG WKDW ZKHQ WKH PDMRU D[LV RI WKH EHDP LV GLUHFWHG WR ZLWKLQ  RI WKH K\GURSKRQH WKH VLJQDO UHFHLYHG E\ WKH
K\GURSKRQH ZLOO EH ZLWKLQ  G% RI WKH KLJKHVW DPSOLWXGH &RQVHTXHQWO\ ZH VSHFXODWHG WKDW WKH VRXQG RI SLORW ZKDOHV
PD\ DOVR KDYH GLUHFWLYLW\ DQG WKLV LV D IXQGDPHQWDO DVVXPSWLRQ RI SLORW ZKDOHV¶ XVLQJ VRXQG WR GHWHFW WKH VSHHG RI
WDUJHWV 2Q WKH RQH KDQG LI WKH SLORW ZKDOH RQO\ NQRZV WKH GLVWDQFH EXW GRHV QRW NQRZ WKH VSHHG RI SUH\ LQ D KXQW WKH\
SUREDEO\ PLVV WKHLU WDUJHWV )LJ  VKRZV D SRVVLEOH VLWXDWLRQ IRU D IRUDJLQJ SLORW ZKDOH $V VKRZQ LQ )LJ  WKH SUH\
PRYHV DW WKH VSHHG Y DQG WKH ILUVW FOLFN KDV EHHQ UHIOHFWHG E\ WKH SUH\ 7KH SUH\ SUREDEO\ KDV VZXP RXW RI WKH GHWHFWLRQ
UDQJH RI WKH SLORW ZKDOH EHIRUH WKH VHFRQG FOLFN UHDFKHV 7KXV IRU WKH SLORW ZKDOH LW PD\ RQO\ NQRZ WKH GLVWDQFH EXW
GRHV QRW NQRZ WKH VZLPPLQJ GLUHFWLRQ RI WKH WDUJHW 7KLV SUREDEO\ DOVR OHDGV WR WKH PLVVLQJ RI D WDUJHW 2Q WKH RWKHU
KDQG GXULQJ WUDYHOOLQJ SLORW ZKDOHV PD\ PRYH DORQJ WKH VDPH FRXUVH DW FORVHU VSHHGV  ,Q RUGHU WR WUDYHO DW FORVHU
VSHHGV WKH\ QHHG WR DGMXVW WKH UHODWLYH VSHHG EHWZHHQ HDFK RWKHU IURP WLPH WR WLPH 7KHUHIRUH WKH\ PD\ QHHG WR GHWHFW
WKH VSHHG RI SDUWQHUV %DVHG RQ WKH DQDO\VLV PHQWLRQHG DERYH ZH WKLQN WKDW GHWHFWLRQ RI D WDUJHW¶V VSHHG LV YHU\
LPSRUWDQW IRU SLORW ZKDOHV 6LQFH WKH VSHHG RI WDUJHWV LV FDUULHG E\ WKH '6 RI HFKR IURP D WHFKQRORJLFDO SHUVSHFWLYH
SLORW ZKDOHV PD\ XVH WKH VRXQG ZKLFK LV VHQVLWLYH WR '6 QDPHO\ WKH VRXQG ZKRVH 65 LV JRRG DQG ZKRVH 6065 LV ORZ
WR GHWHFW WKH VSHHG RI WDUJHWV +RIIPDQ HW DO JDYH D VLPLODU FRQFOXVLRQ WKDW EOXH ZKDOHV PD\ XVH WKHLU FDOOV WR PHDVXUH
WKH UHODWLYH VSHHG EHWZHHQ HDFK RWKHU $FFRUGLQJ WR WKH UHVXOWV LQ 7DE )LJ  DQG )LJ  SXOVHG FDOOV DQG RQH SDUW RI
ZKLVWOHV KDYH WKH EHVW 65 DQG WKHLU 6$)V KDYH WKH ORZHVW 6065 DPRQJ WKH WKUHH VRXQG W\SHV 6R IURP D WHFKQRORJLFDO
YLHZ RI SRLQW SLORW ZKDOHV PD\ XVH SXOVHG FDOOV DQG WKLV SDUW RI ZKLVWOHV WR GHWHFW WKH VSHHG RI WDUJHWV <XUN DOVR IRXQG
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WKDW SXOVHG FDOOV ZHUH KHDUG LQ VLWXDWLRQV ZKHUH WKH ZKDOHV ZHUH VSUHDGLQJ RXW IRUDJLQJ RU ZKHQ WZR RU PRUH SRGV PHW
7KLV UHVXOW LQGLFDWHV WKDW WKH SXOVHG FDOOV DUH FORVHO\ UHODWHG WR IRUDJLQJ DQG LW RIIHUV VXSSRUW IRU RXU VSHFXODWLRQ
7KLUGO\ IRU FRPPXQLFDWLRQ WKHUH PD\ EH DW OHDVW WZR W\SHV RI FRPPXQLFDWLRQ LQIRUPDWLRQ WKDW SLORW ZKDOHV XVH
VRXQG WR WUDQVPLW EHWZHHQ HDFK RWKHU 
y 7KH ILUVW W\SH VKRXOG EH VHQVLWLYH WR VSHHG VXFK DV WKH VSHHG LQIRUPDWLRQ RI D SLORW ZKDOH 
y 7KH VHFRQG W\SH VKRXOG QRW EH LQIOXHQFHG E\ VSHHG HDVLO\ VXFK DV KHUG PRYHPHQW LQVWUXFWLRQV LQIRUPDWLRQ

%DVHG RQ WKH FRQFOXVLRQV LQ OLWHUDWXUH  DQG RXU ILQGLQJV DERXW WKH IXQFWLRQ RI FOLFNV ZH DVVXPH WKDW FOLFNV DUH RQO\
IRU HFKRORFDWLRQ UDWKHU WKDQ FRPPXQLFDWLRQ $W WKH VDPH WLPH 1HPLURII  )RUG  :HLOJDUW DQG :KLWHKHDG  DQG
3RSRY  SRLQWHG RXW WKDW SXOVHG FDOOV DQG ZKLVWOHV DUH XVHG IRU FRPPXQLFDWLRQ WKHUHIRUH LQ WKH IROORZLQJ FRQWHQW ZH
PDLQO\ DQDO\VH WKH :$)V RI SXOVHG FDOOV DQG ZKLVWOHV VR DV WR XQGHUVWDQG ZKLFK W\SHV RI VRXQG SLORW ZKDOHV XVH WR
WUDQVPLW ZKLFK W\SHV RI FRPPXQLFDWLRQ LQIRUPDWLRQ
:H VXUPLVH WKDW SLORW ZKDOHV PD\ XVH SXOVHG FDOOV DQG RQH SDUW RI ZKLVWOHV WR WUDQVPLW WKH ILUVW W\SH LQIRUPDWLRQ
'XULQJ WKH WUDYHOOLQJ SLORW ZKDOHV QHHG WR DGMXVW WKHLU VSHHG EHWZHHQ HDFK RWKHU IRU PRYLQJ DORQJ WKH VDPH FRXUVH DW D
FORVHU VSHHG  VR SLORW ZKDOHV PD\ DOVR QHHG WR XVH VRXQG WR LQIRUP WKHPVHOYHV RI VSHHG WR WKHLU SDUWQHUV SRVVLEO\ LQ D
VLPLODU ZD\ DV WKH EOXH ZKDOH  %DVHG RQ WKH DERYH DQDO\VLV ZH NQRZ WKDW EHFDXVH RI WKH UHODWLYH VSHHG EHWZHHQ SLORW
ZKDOHV WKHUH LV '6 EHWZHHQ WKH VRXQG WUDQVPLWWHG DQG UHFHLYHG E\ SLORW ZKDOHV ,I WKH WUDQVPLWWHG VRXQG LV SURPLVVRU\
EHWZHHQ GLIIHUHQW SLORW ZKDOHV WKH SLORW ZKDOHV FDQ UHFRJQL]H WKH VSHHG E\ SHUFHLYLQJ WKH '6 RI UHFHLYHG VRXQG
+RIIPDQ HW DO JDYH D VLPLODU VXUPLVH WKDW D IHPDOH EOXH ZKDOH PLJKW EH DEOH WR ORFDWH WKH GLUHFWLRQ RI D FDOOLQJ PDOH
EOXH ZKDOH E\ WKH '6 RI VRXQG 7R WUDQVPLW WKH VSHHG LQIRUPDWLRQ YLD '6 WKH VRXQG VKRXOG KDYH WZR FKDUDFWHUV IURP D
WHFKQRORJLFDO SHUVSHFWLYH )LUVW LW VKRXOG EH SURPLVVRU\ EHWZHHQ SLORW ZKDOHV RI WUDQVPLWWLQJ DQG UHFHLYLQJ VRXQG
ZKLFK PHDQV WKDW WKH VRXQG VKRXOG EH VWHUHRW\SHG DQG VKRXOG EH WKH XQLTXH VRXQG RI F 0DQ\ UHVHDUFKHV
IRXQG WKDW WKH SXOVHG FDOOV DUH VWHUHRW\SHG DQG 1HPLURII SURYHG WKDW WKH SXOVHG FDOOV RI SLORW ZKDOHV DUH QRW HDV\ WR EH
LPLWDWHG DQG HDYHVGURSSHG 7KHUHIRUH WKH SXOVHG FDOOV DUH PRVW VXLWDEOH IRU WKH SURPLVVRU\ VRXQG FDUU\LQJ WKH VSHHG
LQIRUPDWLRQ 6HFRQG SLORW ZKDOH VKRXOG XVH WKH VRXQG ZKLFK KDV D VPDOO '7 DQG D SRRU DELOLW\ WR UHVLVW WKH LQIOXHQFH RI
UHODWLYH VSHHG WR WUDQVPLW WKH VSHHG LQIRUPDWLRQ DFFXUDWHO\ EHWZHHQ HDFK RWKHU $FFRUGLQJ WR WKH UHVXOWV LQ 7DE )LJ 
DQG )LJ  LW FDQ EH VHHQ WKDW SXOVHG FDOOV DQG RQH SDUW RI ZKLVWOHV KDYH WKH VPDOOHVW '7 DPRQJ WKH WKUHH W\SHV RI SLORW
ZKDOH VRXQG 7KHUHIRUH SLORW ZKDOHV SUREDEO\ XVH SXOVHG FDOOV DQG WKLV SDUW RI ZKLVWOHV WR LQIRUP WKHLU VSHHG WR RWKHU
SDUWQHUV 1HPLURII )RUG DQG <XUN IRXQG WKDW SXOVHG FDOOV PD\ EH XVHG IRU PDLQWDLQLQJ WKH FRKHVLRQ RI WKH ZKDOH
JURXS ZKLFK LV VLPLODU ZLWK RXU VXUPLVH WKDW SLORW ZKDOHV PD\ XVH SXOVHG FDOOV WR LQIRUP WKHLU VSHHG WR RWKHU SDUWQHUV
IRU PDLQWDLQLQJ WKH FRKHVLRQ
:H VXUPLVH WKDW SLORW ZKDOHV PD\ XVH WKH RWKHU SDUW RI ZKLVWOHV WR WUDQVPLW WKH VHFRQG W\SH RI LQIRUPDWLRQ 7KH
SLORW ZKDOH DOVR XVHV VRXQG WR WUDQVPLW VRPH LQIRUPDWLRQ VXFK DV KHUG PRYHPHQW LQVWUXFWLRQV +RZHYHU WKH UHODWLYH
VSHHG EHWZHHQ SLORW ZKDOHV ZLOO GLVWRUW WKH VRXQG FDUU\LQJ WKH LQVWUXFWLRQV 7R DYRLG LQIRUPDWLRQ WUDQVPLVVLRQ IDLOXUH
FDXVHG E\ VRXQG GLVWRUWLRQ WKH VRXQG VLJQDO VKRXOG KDYH D ODUJH '7 DQG D VWURQJ DELOLW\ WR UHVLVW WKH LQIOXHQFH RI
UHODWLYH VSHHG IURP D WHFKQRORJLFDO SHUVSHFWLYH $FFRUGLQJ WR WKH UHVXOWV LQ 7DE )LJ  DQG )LJ  LW FDQ EH VHHQ WKDW
RQH SDUW RI ZKLVWOHV KDV WKH ODUJHVW '7 DQG WKH VWURQJHVW DELOLW\ WR UHVLVW WKH LQIOXHQFH RI UHODWLYH VSHHG 7KHUHIRUH ZH
VXUPLVH WKDW WKLV SDUW RI ZKLVWOHV LV SRVVLEO\ XVHG WR WUDQVPLW WKH KHUG PRYHPHQW LQVWUXFWLRQV ZKLFK VKRXOG QRW EH
DIIHFWHG E\ UHODWLYH VSHHG HDVLO\ 1HPLURII  )RUG  :HLOJDUW DQG :KLWHKHDG  DQG 7DUXVNL  REWDLQHG VLPLODU
FRQFOXVLRQV 7DUXVNL  DOVR VSHFXODWHG WKDW WKH 9VKDSHG ZKLVWOH PLJKW EH XVHG IRU KHUG RUJDQL]DWLRQ RU FRKHVLRQ $
:$) H[DPSOH RI D 9VKDSHG ZKLVWOH LV VKRZQ LQ )LJ E :H FDQ VHH WKDW WKH '7 RI WKH 9VKDSHG ZKLVWOH LV ODUJH DQG
WKLV UHVXOW DOVR SURYLGHV IXUWKHU HYLGHQFH IRU RXU VXUPLVH
0DWHULDOV DQG 0HWKRGV
ϵ ͬ ϭϬ
6RXQG ILOHV 7KH SLORW ZKDOH VRXQG ILOHV DUH SURYLGHG E\ WKH 0DFDXOD\ /LEUDU\ DW WKH &RUQHOO /DE RI 2UQLWKRORJ\ DQG
WKH :DWNLQV 0DULQH 0DPPDO 6RXQG 'DWDEDVH 7KHUH DUH ILYH VRXQG ILOHV $ % & ' DQG ( 7KH ILOH $ ZDV UHFRUGHG E\
D 0RQR 6HQQKHLVHU 0.+  DQG WKH ILOH ( ZDV UHFRUGHG E\ D :+2, 3HPWHN WDSH UHFRUGHU DQ ,WKDFR 0
K\GURSKRQHV DQG DQ ,WKDFR  DPSOLILHUV 7KH UHPDLQLQJ ILOHV ZHUH UHFRUGHG E\ D 0RQR 6HQQKHLVHU 0.+  6RXQG
ILOHV $ % & DQG ' ZHUH UHFRUGHG DW 1RUWK $WODQWLF 2FHDQ DQG WKH VRXQG VLJQDOV ZHUH GLJLWL]HG DW  +] 7KH
VDPSOLQJ IUHTXHQF\ RI ILOH ( LV +] )LOH $ UHFRUGHG WKH VRXQG RI IRXU VPDOO SLORW ZKDOH JURXSV DQG RQH ODUJH
JURXS RQ 6HS WK  )LOH % ZDV UHFRUGHG RQ 6HS QG  )LOH & UHFRUGHG WKH VRXQG RI WZR SLORW ZKDOHV RQ $XJ
WK  DQG WKH\ DUH DERXW  \DUG DZD\ IURP WKH K\GURSKRQH )LOH ' UHFRUGHG WKH VRXQG RI  SLORW ZKDOHV ZKLFK
DUH  \DUG DZD\ IURP WKH K\GURSKRQH RQ $XJ WK  )LOH ( UHFRUGHG WKH VRXQG RI WKH ZKDOHV FRQVLVWLQJ RI
VHYHQ SLORW ZKDOHV ZKLFK DUH  IHHW DZD\ IURP WKH K\GURSKRQH RQ 6HSWHPEHU WK  DW 1RUWKZHVW $WODQWLF
2FHDQ ¶1  ¶:
'DWD DQDO\VLV 7KH VRIWZDUH WRROV 0DWODE 5E DQG $GREH $XGLWLRQ  ZHUH XVHG WR DQDO\VH WKH SLORW ZKDOH
VRXQG %HFDXVH WKH IUHTXHQF\ RI FOLFNV LV KLJK ZH H[WUDFWHG FOLFNV IURP ILOH  ZKRVH VDPSOLQJ IUHTXHQF\ LV WKH
KLJKHVW 7R H[WUDFW WKH FOLFNV PRUH DFFXUDWHO\ ZH XVHG ZDYHOHW GHQRLVLQJ WR WKH SURFHVV VRXQG ILOH ILUVWO\ 7KHQ ZH XVHG
VKRUWWHUP HQHUJ\ WR GHWHFW WKH HQGSRLQW RI FOLFNV $FFRUGLQJ WR WKH HQGSRLQW ZH FDQ H[WUDFW DOO FOLFNV IURP WKH VRXQG
ILOHV )RU ZKLVWOHV DQG SXOVHG FDOOV WKHLU WLPHIUHTXHQF\ VSHFWUXP IHDWXUHV DUH RXWVWDQGLQJ 7KHUHIRUH ZH XVH $XGLWLRQ
 WR REVHUYH WKH WLPHIUHTXHQF\ VSHFWUD RI VRXQG ILOHV DQG WKHQ H[WUDFWHG SXOVHG FDOOV DQG ZKLVWOHV PDQXDOO\ 1H[W ZH
XVHG 0DWODE 5E WR FRPSXWH WKH :$) RI FOLFNV ZKLVWOHV DQG SXOVHG FDOOV DQG IXUWKHU HYDOXDWH LWV SDUDPHWHUV VXFK
DV 55 65 '7 6065 RI 6$) DQG 6065 RI 5$)
5HIHUHQFHV
 .HOORJJ : 1 .RKOHU 5 	 0RUULV + 1 3RUSRLVH VRXQGV DV VRQDU VLJQDOV 6FLHQFH   
 5HHYHV 5 5 6PLWK % ' &UHVSR 5 $ 	 GL 6FLDUD 1 'ROSKLQV &UHPHU 0 - 	 6LP}HVORSHV 3 & 'ROSKLQV
:KDOHV DQG SRUSRLVHV  FRQVHUYDWLRQ DFWLRQ SODQ IRU WKH ZRUOG
V FHWDFHDQV ,8&1 *ODQG 6ZLW]HUODQG
&DPEULGJH 
 1HPLURII / 6WUXFWXUDO YDULDWLRQ DQG FRPPXQLFDWLYH IXQFWLRQV RI ORQJILQQHG SLORW ZKDOH *ORELFHSKDOD PHODV
SXOVHG FDOOV DQG FRPSOH[ ZKLVWOHV 'DOKRXVLH 8QLYHUVLW\ 
 /H'XF 5 * 3HUULQ : ) 	 'L]RQ $ ( 3K\ORJHQHWLF UHODWLRQVKLSV DPRQJ WKH GHOSKLQLG FHWDFHDQV EDVHG RQ IXOO
F\WRFKURPH E VHTXHQFHV 0DULQH 0DPPDO 6FLHQFH   
 6HUJHDQW ' ( 2Q WKH H[WHUQDO FKDUDFWHULVWLFV RI WKH EODFNILVK RU SLORW ZKDOHV JHQXV *ORELFHSKDOD -RXUQDO RI
0DPPRORJ\   
 %ORFK ' =DFKDULDVVHQ 0 	 =DFKDULDVVHQ 3 6RPH H[WHUQDO FKDUDFWHUV RI WKH ORQJILQQHG SLORW ZKDOH RII WKH
)DURH ,VODQGV DQG D FRPSDULVRQ ZLWK WKH VKRUWILQQHG SLORW ZKDOH 5HSRUW RI WKH ,QWHUQDWLRQDO :KDOLQJ &RPPLVVLRQ
  
 7\DFN 3 / )XQFWLRQDO DVSHFWV RI FHWDFHDQ FRPPXQLFDWLRQ &HWDFHDQ 6RFLHWLHV HG 0DQQ - &RQQRU 5 & 7\DFN
3 / 	 :KLWHKHDG +  8QLYHUVLW\ RI &KLFDJR 3UHVV &KLFDJR 
 6DD\PDQ * 6 7D\ORU & . 	 %RZHU ' 'LXUQDO DFWLYLW\ F\FOHV LQ FDSWLYH DQG IUHHUDQJHLQJ ,QGLDQ 2FHDQ
ERWWOHQRVH GROSKLQV 7XUVLRSV $GXQFXV (KUHQEXUJ %HKDYLRXU   
 5LFKDUGVRQ : - *UHHQH -U & 5 0DOPH & , 	 7KRPVRQ ' + 0DULQH 0DPPDOV DQG 1RLVH $FDGHPLF 3UHVV
6DQ 'LHJR 
 )RUG - . % $FRXVWLF EHKDYLRXU RI UHVLGHQW NLOOHU ZKDOHV 2UFLQXV RUFD RII 9DQFRXYHU ,VODQG %ULWLVK &ROXPELD
&DQDGLDQ -RXUQDO RI =RRORJ\   
 $X : : / )RUG - . % +RUQH - . 	 $OOPDQ . $ 1 (FKRORFDWLRQ VLJQDOV RI IUHHUDQJHLQJ NLOOHU ZKDOHV
2UFLQXV RUFD DQG PRGHOLQJ RI IRUDJLQJ IRU FKLQRRN VDOPRQ 2QFRUK\QFKXV WVKDZ\WVFKD -RXUQDO RI WKH
ϭϬ ͬ ϭϬ
$FRXVWLFDO 6RFLHW\ RI $PHULFD   
 )DLV $ -RKQVRQ 0 :LOVRQ 0 $JXLODU 6RWR 1 	 0DGVHQ 3 7 6SHUP ZKDOH SUHGDWRUSUH\ LQWHUDFWLRQV LQYROYH
FKDVLQJ DQG EX]]LQJ EXW QR DFRXVWLF VWXQQLQJ 6FLHQWLILF 5HSRUWV   GRL VUHS 
:HLOJDUW / 6 DQG :KLWHKHDG + 9RFDOL]DWLRQV RI WKH 1RUWK $WODQWLF SLORW ZKDOH *ORELFHSKDOD PHODV DV UHODWHG WR
EHKDYLRUDO FRQWH[WV %HKDYLRUDO (FRORJ\ DQG 6RFLRELRORJ\   
 3RSRY 9 /DQJURFN 5 'H5XLWHU 6 / 	 9LVVHU ) $Q DQDO\VLV RI SLORW ZKDOH YRFDOL]DWLRQ DFWLYLW\ XVLQJ KLGGHQ
0DUNRY PRGHOV 7KH -RXUQDO RI WKH $FRXVWLFDO 6RFLHW\ RI $PHULFD  
4XLFN 1 - HW DO +LGGHQ 0DUNRY PRGHOV UHYHDO FRPSOH[LW\ LQ WKH GLYLQJ EHKDYLRXU RI VKRUWIQQHG SLORW ZKDOHV
6FLHQWLILF 5HSRUWV   GRL VUHS 
5LFKDUGV 0 $ )XQGDPHQWDOV RI 5DGDU 6LJQDO 3URFHVVLQJ 1HZ <RUN 3UHVV 0F*UDZ+LOO 
.UDPHU 6 $ 'RSSOHU DQG DFFHOHUDWLRQ WROHUDQFHV RI KLJKJDLQ ZLGHEDQG OLQHDU )0 FRUUHODWLRQ VRQDUV 3URFHHGLQJV
RI WKH ,(((   
%OXQW 6 ' 	 0RNROH ( / 2YHUYLHZ RI UDGDU ZDYHIRUP GLYHUVLW\ ,((( $HURVSDFH DQG (OHFWURQLF 6\VWHPV
0DJD]LQH   
$X : : / 	 0DUWLQ 6: 6SHFLDO VHFWLRQ RQ ELRORJLFDOO\LQVSLUHG UDGDU DQG VRQDU V\VWHPV:K\ GROSKLQ
ELRVRQDU SHUIRUPV VR ZHOO LQ VSLWH RI PHGLRFUH 
HTXLSPHQW
 ,(7 5DGDU 6RQDU DQG 1DYLJDWLRQ   
7DUXVNL $* 7KH ZKLVWOH UHSHUWRLUH RI WKH QRUWK $WODQWLF SLORW ZKDOH *ORELFHSKDOD PHODHQD DQG LWV UHODWLRQVKLS WR
EHKDYLRU DQG HQYLURQPHQW LQ %HKDYLRU RI 0DULQH $QLPDOV HG :LQQ + ( 	 2OOD % &  3OHQXP 3UHVV
1HZ <RUN 
:HLVV / * :DYHOHWV DQG ZLGHEDQG FRUUHODWLRQ SURFHVVLQJ ,((( 6LJQDO 3URFHVVLQJ 0DJD]LQH   
$X : : / 3DZORVNL - / 1DFKWLJDOO 3 ( %ORQ] 0 	 *LVQHU 5 & (FKRORFDWLRQ VLJQDOV DQG WUDQVPLVVLRQ
EHDP SDWWHUQ RI D IDOVH NLOOHU ZKDOH 3VHXGRUFD FUDVVLGHQV 7KH -RXUQDO RI WKH $FRXVWLFDO 6RFLHW\ RI $PHULFD 
± 
2OVRQ 3 $ 3LORW ZKDOH *ORELFHSKDOD PHODV DQG * PXHURUK\QFKXV LQ (QF\FORSHGLD RI 0DULQH 0DPPDOV HG 3HUULQ
: ) :XUVLJ % 	 7KHZLVVHQ - * 0 ± 3HUULQ $FDGHPLF 3UHVV 
+RIIPDQ 0 ' *DUILHOG 1 	 %ODQG 5 : )UHTXHQF\ V\QFKURQL]DWLRQ RI EOXH ZKDOH FDOOV QHDU 3LRQHHU
6HDPRXQW 7KH -RXUQDO RI WKH $FRXVWLFDO 6RFLHW\ RI $PHULFD   
<XUN + 9RFDO FXOWXUH DQG VRFLDO VWDELOLW\ LQ UHVLGHQW NLOOHU ZKDOHV 2UFLQXV RUFD 3K' WKHVLV 8QLYHUVLW\ RI %ULWLVK
&ROXPELD 
 6WUDJHU + 3RGVSHFLILF FDOO UHSHUWRLUHV DQG FRPSRXQG FDOOV RI NLOOHU ZKDOHV 2UFLQXV RUFD /LQQDHXV  LQ WKH
ZDWHUV RI QRUWKHUQ 1RUZD\ &DQDGLDQ -RXUQDO RI =RRORJ\  ± 
<XUN + %DUUHWW/HQQDUG / * )RUG - . % 	 0DWNLQ & 2 &XOWXUDO WUDQVPLVVLRQ ZLWKLQ PDWHUQDO OLQHDJHV
9RFDO FODQV LQ UHVLGHQW NLOOHU ZKDOHV LQ VRXWKHUQ $ODVND $QLPDO %HKDYLRXU  ± 
 )LODWRYD 2 $ )HGXWLQ , ' %XUGLQ $ 0 	 +R\W ( 7KH VWUXFWXUH RI WKH GLVFUHWH FDOO UHSHUWRLUH RI NLOOHU ZKDOHV
2UFLQXV RUFD IURP 6RXWKHDVW .DPFKDWND %LRDFRXVWLFV  ± 
$FNQRZOHGJHPHQWV
7KLV ZRUN ZDV VXSSRUWHG LQ SDUW E\ WKH 7LDQ-LQ 1DWXUDO 6FLHQFH )RXQGDWLRQV RI &KLQD XQGHU *UDQW 1R
-&41-& 1DWLRQDO 1DWXUDO 6FLHQFH )RXQGDWLRQV RI &KLQD XQGHU *UDQW 1R   
1DWLRQDO NH\ UHVHDUFK DQG GHYHORSPHQW SODQ <)) <RXQJ (OLWH 6FLHQWLVWV 6SRQVRUVKLS 3URJUDP %\ &DVW
RI &KLQD XQGHU *UDQW 1R 415& 2SHQ 3URMHFW 02067 RI .H\ /DERUDWRU\ RI 0LFUR 2SWRHOHFWUR
0HFKDQLFDO 6\VWHP 7HFKQRORJ\ 7LDQMLQ 8QLYHUVLW\ 0LQLVWU\ RI (GXFDWLRQ 3KRWRHOHFWULF ,QIRUPDWLRQ DQG
,QVWUXPHQW(QJLQHHULQJ 5HVHDUFK &HQWHU RI %HLMLQJ 2SHQ 3URMHFW 1R*' :H DSSUHFLDWH WKH 0DFDXOD\ /LEUDU\
DW WKH &RUQHOO /DE RI 2UQLWKRORJ\ DQG WKH :DWNLQV 0DULQH 0DPPDO 6RXQG 'DWDEDVH IRU WKHLU KHOS
